INTRODUCTION
One of the problems still unsolved in the Dosimetry System developed in 1986 (DS86) for estimating atomic bomb doses in Hiroshima and Nagasaki is a systemic difference between calculated and measured 60Co activities induced in steel bars at a depth of 8cm in concrete by neutron irradiation by distance from the sources1'2). The data for steel rings located on the surface of roofs of buildings 3) showed greater values of activity than those of steel bars but similar apparent relaxation length.
In addition to these data obtained by Hashizume et al. in 1967 , two other steel specimens, both were directly exposed to the source and one of which was taken from a location at greater (Fig. 1) .
Sample No. 3 was taken from a section of the steel beam cut from the top of the arch of Yokogawa Bridge in Hiroshima (U.S. Army Map, 43.88 x 63.06), 1295m NNW from the hypocenter. As shown in Fig. 2 , the section was first cut into halves, then the east-side half was cut into 6 pieces, and the upper right piece was taken as Sample 3. The sample is estimated to have been 14.8m above water level and 10.7m above ground at the time of bombing.
Both samples have a density of about 7.9 g/cm2 and carbon content of less than 0.1%. Locations of the samples and those of Hashizume et al. are plotted on a map (Fig. 3) . 
PREPARATION AND PRETREATMENT OF THE SAMPLES
Sample No. 1 was cut into pieces about 1cm thick by an oxy-acetylene torch. Sample No . 3 consists of two steel plates 13mm thick and a steel angle bonded together with rivets. The upper plate, which had been directly exposed to the bomb neutrons, was separated from the other parts and used for analysis (Fig. 2) . It was cut into pieces of about 1cm square by a laser beam cutter .
The surface of these samples had been coated with paint which was burned off. Then they were cut into small pieces as described above to facilitate dissolving in HC1.
The cobalt contained in the steel samples was separated first by removing most of the iron by the zinc oxide method4). Succeeding purification of the cobalt was accomplished by an anion exchange method.
The samples were etched with hot 3M HCI to remove contamination on the surface. After cooling, they were washed with water and ethanol successively, followed by drying at room temperature. The amounts of the etched samples, No. 1 and No. 3, used for the following treatment were 204.lg and 1553.2g, respectively.
The etched steel sample was dissolved in hot 6M HCI. 1 liter of 6M HCI was used per 100g of the sample. After cooling, the residue was filtered off. 50ml of conc. HNO3 was added to the filtrate to oxidize Fee + to Fe 3 + . The solution was evaporated to about 300m1.
A mixture of ZnO and water was added to the solution so that the pH of the solution increased to 5.5. While increasing pH, Fe(OH)3 was precipitated. The precipitate was removed by centrifugation. The separated Fe(OH)3 was dissolved in 6M HCl and the above procedure was repeated once more to recover the cobalt coprecipitated with the Fe(OH)3. After the two super natants were combined, the pH of the mixture was raised to 14 by adding NaOH. In addition, 5m1 of H202 was added to the solution, which was then heated to boiling. After standing over night, the precipitate containing the cobalt was filtered using a G4 glass filter. The precipitate was washed with water and then dissolved in hot HC1. The solution was evaporated to dryness.
For further purification of the cobalt, the residue was dissolved in 8M HCI, and the solution was passed through an anion exchange column (Amberlite CG-400 Cl form). After passing the solution, the resin was washed with 8M HCI, followed by elution of the cobalt with 4M HC1. The eluate containing cobalt was transferred to a small vessel and evaporated to dryness to prepare a sample for gamma-ray spectrometry.
An aliquot of the purified sample was subjected to neutron activation analysis to determine the chemical yield of cobalt. The yield of cobalt after purification was determined by comparing the content of cobalt in the purified sample with that in the original steel sample. The recovery of cobalt in samples No. 1 and No. 3 were 88% and 81%, respectively. Most of the cobalt loss probably occurred during the process of removal of large quantity of iron by the zinc oxide method, but the recovery was sufficient for the purpose of this analysis. The activity of 60Co which might have been contained in the reagents used in the process of chemical separation was determined by radiochemical analysis. In this run, 20mg of cobalt was added to the blank sample as a carrier. The purified cobalt was deposited on a copper plate by electrolysis. The 60Co activity of the blank sample was determined by a low-background beta-ray counter.
The result was insignificant (-73.6 ± 28.5dpm). Therefore, the possibility of 60Co contamination from the reagents used for the analysis can be neglected. The content of stable cobalt in the reagents, i.e. HCI, HNO3, NaOH and ZnO, was also determined by neutron activation analysis. 1 liter of HCl and HNO3 were evaporated to dryness. The residue was irradiated for 24h under the thermal neutron flux of 5.5 x 10"n cm-2 S-1 in TRIGA-II Reactor in Rikkyo Unviersity. After cooling for 10 days, gamma-ray spectra were measured. Thirty mg of NaOH and 50mg of ZnO were irradiated for 6h, and cooled for 10 days. The results, summarized in Table 1 , show that the stable cobalt in the reagents did not have any appreciable effect on the determination of the cobalt content of the steel samples.
The results of 60Co determination in the steel samples in terms of specific activity at the time of bombing (ATB) are shown in Table 2 .
For Sample No. 3, significant results were obtained by counting for as long as 500 hrs using a well-type germanium detector of higher counting efficiency (0.02849 for 60Co 1.33 MeV gamma ray). Besides cobalt, copper and nickel content in the iron samples was also determined because these elements would have yielded 60Co by fast neutron irradiation according to 63Cu(n, a) and 60Ni(n ,p) reactions').
The amount of cobalt and copper in the steel samples was determined by neutron activation analysis. About 0.2-0.3g of the steel samples were irradiated for 15' 24h under a thermal neutron flux of 5.5 x 10"n cm-2s"1. After cooling for 4 days, gamma-ray spectra were taken with a Ge(Li) gamma-ray spectrometer to determine the copper. After cooling for further 6 days, gamma-ray spectra were taken again to determine the cobalt. No peak from any other elements was observed. The amount of nickel in the steel samples was determined by colorimetric method using Content of Ni, Cu and Co in steel samples Samples of this work and the steel rings were directly exposed to the source.
The steel bars were at a depth of 8cm in concrete, for which Loewe's calculation was made. dimethylglyoxime5).
The result is shown in Table 3 , which indicates the contribution of copper and nickel to 60Co production was negligible.
DISCUSSION
In Figure 4 the data of this work are plotted as a function of ground distance, together with those of Hashizume et al. who measured 60Co activity of steel bars embedded at a depth of 8cm in concrete and that of steel rings on roofs of buildings. The solid line is the result of calculation by Loewel), which should be compared with steel bar data.
The data of this work, though not directly comparable with the calculated data, would appear to support the observation that the measured data tend to become greater than the calculated data at greater distances.
